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Section S2. Theoretical modeling and parameter determination
The mechanical properties of the gel materials were investigated by an in-situ nanomechanical test at room temperature and pH ≈ 9. The nominal stress and longitudinal stretch were obtained from the experimental data via the following expressions
where ′ ( Unom ), 1 ′ and Unom represent the nominal stress, the longitudinal stretch in the compression direction and the nominal strain, respectively; f and d indicate the experimental force and displacement obtained from Fig. 1B , respectively, and 0 and h denote the length and height of an individual cuboid in the array, respectively. Based on the classical Flory's theory, we characterized the free energy of gels approximately as
where , k and represent the number of effective polymeric chains, the Boltzmann constant, and the absolute temperature, respectively; and T indicate the deformation gradient and its transpose; and refer to the concentration of solvent molecules and the volume per molecule, respectively; and is the Flory interaction parameter that denotes the extent of mixing between solvent and polymer, which is a quantity that is dependent on the temperature and polymer concentration in this work (1-3). μ is the chemical potential, and represents the inverse transpose of the deformation gradient. To eliminate the singularity of the free energy as expressed in Eq. 1, we assign a free-swelling rather than a dry state as a reference state, i.e.
where 0 is the deformation gradient of the free-swelling state relative to the dry state and ′ is the deformation gradient of the current state relative to the free-swelling state. In this context, one can obtain from Eq. 1 the relationship between nominal stress and stretch
with 0 denoting the stretch caused by free swelling. For a particular uniaxial loading test, Eq. S1 can be written as 
We set the chemical potential of solvent to be zero so that the terms in Eqs. S5 and S6 relative to can be eliminated. In this case, combining Eqs. S4 to S6, we can obtain Eq. 2. Figures 1B and 1C show a series of nonlinear data fitting results that are based on the well-established function 'lsqcurvefit' in MATLAB (The Mathworks, USA), in which we specify the coefficient = k / = 4 × 10 7 and the temperature T = 295.15 K (room temperature).
Section S3. Deformation comparison between conventional and articulated building blocks
We used the articulated mechanism to construct 4D -building blocks, in order to extend their deformability and controllability. Here, we present a simple example to explain the reason why the microstructures that were fabricated by a novel 4D -printing strategy can achieve a more substantial deformation compared with those created by the traditional 4D printing strategy. In general, traditional 4D printing strategies design bilayer structures with differential responsiveness to achieve microstructural bending deformation under external stimuli, as illustrated in Fig. S3A . The force equilibrium equation can be characterized by the classical Timoshenko beam theory as (4)
where , and , with i = 1, 2, denotes the moduli, moments and axial forces of these bilayer structures, respectively. ℎis the total thickness, which we assume to be h = 1 for simplicity. is the curvature radius of the neutral layer and 1 and 2 are the moments of inertia of these two layers. In this configuration, the geometric compatibility requires 
The curvature of bilayer gel structures can be deduced as
(S10)
where 0 is the radius of the outer arc. Fig. S2A shows the variation in curvature as a function of the thickness ratio and exposure dosages of a different bilayer.
For our proposed novel μ-4D printing strategy, we consider the articulated building blocks as the combination of thin bilayers, the hinge joints, and supporting leaves, as shown in Fig. S3B . During deformation, the bilayer part will bend, and the corners will rotate around the joints. We assume that the size of the articulated blocks is the same as the conventional bilayer blocks, and the thickness of the bilayer part of the articulated blocks is set as ℎ. During deformation, the curvature of the bilayer part can be calculated in a similar way as
where and are the neutral layer's curvature and the curvature radius of the bilayer part, respectively. Subsequently, we can acquire the angle and chord length of the bilayer part by using the following geometrical relationship 
where ′ and ′ are respectively the curvature and curvature radius of the hinge structure that is related to and . The parameter has two limiting conditions. The first is that the left and right boundaries cannot intersect when the bilayer part bends. That is, the bending angle need exceed no more than 2π, i.e. To ensure the compatibility of deformations, the second limiting condition is required that the maximum deformation state can only be a triangle for the entire structure, i.e. By combining Eq. S16 and Eq. S17, one can readily obtain the upper limit of parameter . Fig. S2B-D show plots of the curvature curves as a function of the width of the articulated building blocks with different for an optimal bilayer thickness ratio. Compared with the maximum curvatures in the conventional bilayer structure strategy as shown in Fig. S2A , the articulated structures with hinges that were designed in our experiments can achieve a much larger bending deformation. For example, the maximum curvature for the specific articulated structure ( = 0.05 with laser powers of 20 mW in the active layer and 30 mW in the passive layer) is more than three times greater than that for the corresponding conventional bilayer structure. The theoretical analysis indicates that the presented 4D μ-printing strategy provides a novel way of designing lightweight and flexible structural units with a large deformation ability, which is different from the conventional 4D printing strategy. Further, Fig.S4 presented a comparison between the experimental results of helical building blocks and the corresponding finite-element simulation, which demonstrated a quantitative consistency. This implies that the computer-aided design based on FEA can be employed to predict spatial configurations of the integrated building blocks.
Section S4. Inverse design
The Denavit-Hartenberg parameters (also called DH parameters) are the four parameters associated with a particular convention for attaching reference frames to the links of a spatial kinematic chain, or robot arm manipulator, introduced by Jacques Denavit and Richard Hartenberg. The screw displacement along the Z-axis is represented as 
d is the offset along previous Z-axis to the common normal, is the angle about previous Z-axis, from old X-axis to new X-axis, R is the radius about previous Z-axis, and α is the angle about common normal, from old Z-axis to new Z-axis.
To verify the feasibility of our proposed inverse design, we employed sixty of 4D building blocks to assemble two different types of shape-morphing systems, as shown in Fig. S5A and S5B. All the building blocks are connected by its two sidebars (pillars) in proper orientations along the initial assembling trajectories. Here the honeycomb and spiral shape were considered as initial assembling trajectories whose design sizes depend on the size of 4D building blocks and their assembling methods. A wave-shaped path is set as the shapemorphing target of two reconfigurable systems starting from entirely different initial shapes. Considering the deformation limitations of each building blocks, here we set that the maximum rotation angle is below 54º, and the rotation angle parameters of all the transformed building blocks are calculated by matching them with the target trajectory, shown in the Tabs. S1 and tab.S2. , all the 4D building blocks are arranged on the initial shape trajectory by connecting their sidebars in proper orientations, and the starting and ending points are marked with the solid pink ball and blue ring, respectively. In the up-right sub-images of the (A) and (B), the position of each building blocks is assigned a number in numerical order, and the active layer pointing to inside and outside exist as two different connection modes, marked with the blue and red crosses, respectively. The color bars representing the rotation angle of each building blocks are from 3º to 54º.
